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A grazing intens1ty gradient in a Zambian woodland covering four sites with long-term grazing histories is defined 
through ordination procedures. Grazing intensity ranged from zero grazing to severe overutilisation The frequency 
and level of abundance of 28 commonly occurring grass species were recorded over the gradient to determine their 
responses to grazing intensity. Each of the grasses were allocated to one of five ecological status groups. Andropogon 
gayanus could be a reliable indicator of underutilisation, while Eragrostis patens and Sporobolus pyramidalis could be 
reliable indicators of overgrazed conditions. 
Keywords: Grass, grazing, miombo woodlands, ordination, Zambia. 
·ro whom correspondence should be addressed, (E-mail: hacres@iafrica.com). 
Introduction 
Miombo woodlands, which are characteristically dom inated by 
trees of the genera Brachystegia, Julbernardia and /soberlinia, 
comprise one of the most extensive vegetation formations in 
southcentral Africa (Ernst & Walker 1973; Hough 1986; Bing-
ham 1994 ). Y ct little literature is available on sound manage-
ment practices of their natural grazing areas. No simple and 
effective monitoring system currently exists for the assessment 
or for monitoring trends in the vegetation condition of these 
woodlands. In South Africa, the ecological index method (Foran 
et a!. 1978; Vorster 1982) is widely used to assess the condition 
or herbaceous vegetation. This method is based upon the princi-
ple that grasses react in various ways to grazing pressure. For 
example. some grasses decrease in abundance under intense uti-
lisation. while other grasses may increase in abundance under 
similar conditions. Composition of the grass species and their 
relative abundance in a given area reflect previous grazing 
management practices (Bosch & Janse van Rensburg 1987). 
The aim of this study was to measure the response of various 
grass species occurring in the woodlands of central Zambia to 
grazing intensity. This is required as a sound basis for objective 
assessment of the herbaceous vegetation of miombo wood lands. 
Study area 
The study area is located in the Chibombo District of the Central 
Province of Zambia. The altitude of this region varies from I I 00 
to 1200 m above sea level. and the annual rainfall from 800 to 
900 mm (Hutchinson 1974). Three distinct seasons occur. They 
nrc: the warm and wet rainy season from December to Apri l, the 
cool, dry season from May to August, and the hot, dry season 
from September to November. The topography consists of gently 
undulating terrain. The Chibombo District lies on the watershed 
between the Zambezi and Kafue Rivers. The area is drained pre-
dominantly by dambos, which are seasonally waterlogged drain-
age lines with no clear water channels {Bolnick 19Q5). The 
vegetation in this region is dominated by central dry miombo 
woodland (Ch idumayo 1987; Cauldwell et a/ 1998). The tree 
canopy ranges from 8 to 20 m in height and the vegetation is 
c lassified as a tall , open woodland (Edwards 1983). Grasses of 
the genera !i-istachya, Zonotriche. Andropogon and Sporoholus 
dominate the herbaceous layer. Ch ipya and munga wood lands 
also occur in this area (Lawson 1978). 
Methods 
To measure the response of a grass species to grazing intensity. its 
relative abundance was measured over the full spectrum of a grazing 
intensity gradient. Four miombo woodland sites. which had been 
exposed to varying degrees of grazing utilisation. were identilied. 
Miombo woodland, dominated by the trees Brachystegia spidformis 
and Julbernardia globiflora, is the predominant vegetation type in 
each of these four sites. Site one was in the government-owm:d 
Mwomboshi State Forest where grazing by domestic animals has 
effectively been prohibited for the past 40 years. The lack of surface 
water and the presence of illegal hunting there have resulted in low 
natural game populations. Grazing pressure on this land has been 
minimal and the vegetation is considered to be underuti lised. The 
state forest is burnt annually with cool early season tires to reduce 
the grass fuel load according to State Forestry policy. Five sampling 
points were established in this state forest that represented the typi-
cal vegetation there. Sites two to four were located on privately 
owned land. Site two was stocked with game six years prior to the 
study and animal numbers wen: still increasing there. The rate of 
growth of the game population was beginning to taper ofT as it was 
approaching the ecological capacity for the area. The site had been 
burned irregularly in the past. A range of grazing intensities existed 
from light to moderately heavy ns a resu lt of the burning incidence. 
Twenty-three sampling points were established there to represent the 
variation in the various grazing intensities within this site. Site three 
had been uti lised by cattle for more than 40 years. and was grazed by 
cattle and game for the previous two years. Animal numbers lluctu-
ated over this time. but have generally been high. A rotational burn-
ing programme had been practised for many years. This si te was 
considered to be moderately to heavily grazed. Six sampling point~ 
that represented the typical vegetation there were established. Site 
four hnd also been grazed by high numbers of cattle for more than 40 
years. The stocking rate at the time of the study was approximatd y 
2.5 cattle/ha. Cattle losses as a result of malnutrition occurred during 
the dry seasons. The ecological capacity of the area was clearly 
exceeded and this site was considered to he severely overgrazed. 
f-ive sampling points were established that represented the typical 
vegetation. 
At each sampling point. a 30 x 30 m plot was demarcated. The 
miombo woodlands there included many large trees and a large plot 
size was necessary to overcome the localised patch diversity created 
by the shade of large trees. Within each plot. a Braun-Bianquet sur-
wy was conducted during february and March 1996 as described by 
Werger ( 1974 ). All plant species found in the sample plots were 
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Figure I Schematic representation of the li ve ecological status 
dasses as th:lined along u grazing intensity gradient (Bosch & 
Gauch 1991 : van Rooyen eta/. I 991 ). 
identified. recorded and allocated a cover-abundunce value accord-
ing to the Braun-Bianquet scale (Muc:ller-Domhois & Ellenberg 
1974). These data were used to classi fy and describe th ~: plant 
• Site 1 .A. Site 2 
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w mmunities (Cauldwell eta/. 1998). The percentage:: composition of 
herbaceow; spccies was measured at each sample plot by using tht: 
step-point method with 200 random points per plot (Foran et a!. 
1978: Tainton et a/. 1980: Mentis 1981 ). Th1s was conducted at th..: 
same time as the Braun Blanquet survey. Sedges were recorded col-
lectively and all other non-grass plants were grouped and recorded 
as forbs. If no plant occurred within a 25 em radius around the 
descending point, it was recorded as a miss. 
Only the Braun-l31anquet data for the grass ~pccies wen: com-
bined. This included 82 grass species. The data were then suh_tected 
to a DECORANA ordination (Hill 1979). The lirst axis represented 
the grazing intensity gradient. which suggc::sts that grazing intensity 
is the predominant environmental variable in the: data set tl-lardy & 
Mentis 1986; Bosch I 989: Hurt & Hardy 1989; Bosch & Gauch 
199 1 ). The gradient was divided into five: equal sections. which cor-
related approximately with the utilisation levels of the four sites 
representing levels of grazing util isation. Species frequency curves 
were: fitted to the gradient and r2 values were calculated. These \~en: 
compared to the theoretical curves of Figure I (van Rl)Oyen e/ a!. 
199 1) to identify the ecological status group for each grass species. 
The lollowing live ecological status groups were used (Foran et nl. 
1978; Yorster 1982): 
Decreaser: Species whose abundance is low in undcruti lised vegeta-
tion, but which increase in abundance when vegetation is lightly 
grazed. Moderate to heavy grazing decn:usc::s their abundance. 
Increaser I: Species characteristic of undcrutiliscd vegetation. but 
which decline in frequency with increasing grazing pressure. 
Increaser 2a: Species that arc rare in under- and ovcrutilised vegeta-
tion, but which increase in abundance when vegetation is mod~.:ratdy 
or selectively grazed. 
Increaser 2b: Species rare in underutilised vegetation. but which 
increase when vegetation is uti lised fair ly heavily. 
Increaser 2c: Species absent in light ly grazed vegetation, hut which 
become dominant when vcgetution is severely ovc::rgrazed. 
Results 
Ordination 
The results of the DECORANA ordi nation are illustrated in 
Figure 2. A degradation gradient was c learly present along axis 
I. This gradient is defined through both the presence and abun-
dance of many grass species. The grazing intensity gradient is 
confirmed by noting the posi tions of si tes, which had known 
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Figure 2 Scattc::r diagram for all sample plots ordinated by means of DECORANA (Hill 1979) showing the grazing intensity gradient. 
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Figure 3 Changes in percentage frequency of the common grass species along a grazing intensity gradknt in woodlands of the Chibombn 
District in central Zambia. They-axis represents the percentage frequency of the grass specit:s and the x-axis represents the increasing grazing 
intensity gradient from left to right as in Figure 2. 
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grazing histories along axis I of Figure 2 (Bosch & Kellner 
199 1 ). Sample sites representing underutilised vegetation arc 
located towards the left of the gradient and those sites represent-
ing heavy utilisation are located towards the right of it. 
Ecological classification of the grass species 
The frequency curves and r2 values fitted for the correlation of 
the grasses with the grazing intensity gradient appear in Figure 3. 
Some of the species fit with low r2 values. However, the general 
trend indicates their ecological status (Bosch & Janse van Rens-
burg 1987). The low r2 values could possibly be ascribed to other 
habitat factors that play a role in the relative abundance of the 
grass species, for example fire, or to a low frequency of occur-
rence of a given species in the sample plots (Net eta/. 1993 ). The 
effect of vegetation burning on the species composition of the 
grass sward, and the interaction between this effect and grazing 
intensity has not been investigated in this region. 
The grasses were allocated to the following ecological status 
groups according to their frequency curves: 
Increaser I 
Andropogon gayanus Kunth 
Decreaser 
Andropogon chinensis (Nees) Merr. 
..lndropogon schirensis A.Rich. 
Brachiaria hrbmtha (A.Rich.) Stapf 
Digitaria gayana (Kunth) Stapf 
lJigitariami/aniiana (Rendle) Stapf 
Diheteropogon amp/ectens (Nees) Clayton 
Panicum 1101·em111!rve Stapf 
Rottboellia coc:hinchinensis (Lour.) Clayton 
Setaria sphncelata (Schumach.) Moss 
.)poroholus myrianthus Benth. 
Increaser 2a 
Digitaria ga=emi.~ Rendle 
Hyparrlu:nia.filipemlula (Hochst.) Stapf 
.\ficrochloa kunlhii Desv. 
l'anic:wn ma:dmum Jacq. 
Sporoholus ioclados (Trin.) Nees 
Slereochlaemr c:ameronii (Stapf) Pilg. 
7i·istac:hya .wperba (De Not.) Schweinf. & Asch. 
Increaser 2b 
Anlhephom elongata De Wild. 
Digitaria /ong{flora (Retz.) Pers. 
Elionurus tripsacoides Willd. 
Pogcmarthria squarrosa (Roem. & Schult.) Pilg. 
Schi=achyrium brevifolium (Sw.) Buese 
Setaria pumila (Schumach.) Stapf & C.E.Hubb. 
lonotric:he inamoena (K.Schum.) Clayton 
Increaser 2c 
Emgrostis patem Oliv. 
Me finis repens ( Wi lld.) Zizka 
Sporobnlus pyramidalis P.Beauv. 
Discussion 
Few of the responses of grass species to environmental variables 
analysed here are discussed by other authors. However, the 
responses of the following species do correspond with results 
obtained elsewhere: Diheteropognn amp/eclens (Foran et at. 
1978; Tainton 1984; van Oudtshoorn 1992); Selaria sphacelata 
(Will is & Trollope 1987; van Oudtshoorn 1992); Melinis repens 
(van Oudtshoorn 1992); Sporobolus pyramidalis (Foran et a/. 
1978; Tainton 1984; van Oudtshoorn 1992). 
Van Oudtshoorn ( 1992) classifies Andropogon schirensis as 
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an Increaser I while in this study it demonstrates the response of 
a Decreaser. The grasses f'ogonarlhria squarrosa, Panicum 
maximum and .)poroholus iodado.~ are also classified into adja-
cent categories by authors studying these grasses in other regions 
(Friedel & Blackmore 1988; van Oudtshoorn 1991; Tainton 
1984). The ecological status categories used are not discrete. but 
are convenient stages of a continuous gradient. Van Rooyen et 
at. ( 1991) observed that some grass species exhibit varying eco-
logical responses between vegetation types within the same 
region. Net el a!. ( 1993) speculate whether the reaction of a grass 
species to grazing could be a function of the other palatable spe-
cies occurring within the area. The nature of grazing, such as the 
grazing management system or types of herbivores could simi-
larly also influence the response of a species. 
High r2 values were obtained for ..tndropogon gayanus, Lra-
grostis patens and 5puroholus pyramidalis. This suggests that 
grazing intensity may be the predominant variable influencing 
the abundance of these species. The mean percentage abundance 
of Andropogon gayanus in the grass sward declined from 36% in 
the Mwomboshi State Forest to 0.2% in Site 4, which was con-
sidered to be heavily util ised. The presence of this species in 
high abundance could, therefore, be a reliable indicator of an 
underutilised miombo woodland grass sward. Eragrostis paten.~ 
and Sporobolus pyramidalis could similarly be reliable indica-
tors of an overutilised miombo woodland grass sward . 
The greatest diversity of grass species is found within the 
Decreaser group, those species adapted to moderate grazing 
pressure. While it is most likely that grass species of the miombo 
woodlands have evolved under a wide range of grazing intensi-
ties, the predominant grazing intensity over a long period of time 
has presumably been light. 
Conclusion 
Grasses form an important food source and a greater variety of 
grass species is, therefore, likely to support a greater diversity of 
animal types. The greatest abundance of grass species in the 
Decreaser group, therefore, suggests that if an area of miombo 
woodland is to be managed to promote biodiversity. the grazing 
intensity must be light. The results of th is study can be used as a 
baseline for the assessment of vegetation conditon of the central, 
dry miombo woodlands based upon the species composition of 
the grass sward. 
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